Introduction
Carpal tunnel syndrome (CTS), an entrapment neuropathy of the median nerve at the wrist, is one of the most common peripheral nerve disorders with a population prevalence of 5.8% in women and 0.6% in men [1] and the incidence is not decreasing [2] . Though sometimes considered a trivial condition, it is a significant health problem. CTS and hearing loss was found to account for more morbidity, measured by cases and working days lost, than any other illness in the US working population [3] . Surgical treatment by carpal tunnel decompression is one of the more common minor operations -18 087 carpal tunnel decompressions were carried out in England in 1989-90 [4] and itself results in significant morbidity. The average time to return to work after surgery was 26 days in 1992 [5] and there has been little improvement in the last 23 years -a recent study showed 22% of patients were out of work 12 months after carpal tunnel decompression [6] . Although CTS is generally considered to be a highly treatable condition, the 'definitive' procedure of surgical decompression is by no means uniformly successful. Pooling the reported results of 207 published surgical series between 1956 and 2005 reveals an overall success rate for surgical treatment of 75% in 32 761 cases and there is an overall trend for more recently published series to report lower success rates (J.D.P. Bland, unpublished data). The quality of evidence for long-term benefit from nonsurgical treatments remains unsatisfactory [7, 8] even though these are widely used, with as few as 2.9% of cases presenting to primary care eventually being treated surgically in one series [9] . There remains controversy over the need for, and best type of, investigation and considerable debate over the role of occupational hand use in causation. Although CTS is in one sense a 'simple' and well characterized disorder, there remains ample scope for increased understanding and improvement in clinical management.
Aetiology
There is a well established link between raised intracarpal canal pressure and clinical CTS. The nerve injury is then suggested to arise from intermittent pressure effects on the median nerve circulation. The cause of the increased canal pressure in idiopathic CTS remains unclear. In mechanical terms the raised pressure must result from either an increase in content, or a decrease in size, of the carpal canal, or some combination of the two. In a minority of cases one or both of these circumstances obviously apply -either space-occupying lesions in the carpal canal such as aberrant muscle bellies or arthritic or traumatic change in the bony structure of the wrist, but such factors are absent in most cases. There does, however, seem to be an increase in the amount of connective tissue within the carpal canal, mostly in the form of noninflammatory synovial fibrosis. The mechanism by which this develops remains unclear.
The role of overuse of the hand, particularly light repetitive work, in causation of CTS remains controversial and no new evidence of note has emerged recently, though one interesting study showed enlargement and T2 signal change on magnetic resonance imaging (MRI) of the median nerve 8 h after a 3 h period of typing in healthy office workers [10] . The epidemiology of CTS suggests that there must be important predisposing patient factors. There is a marked sex difference in incidence, which varies from a 23 : 1 female preponderance [11] to a 3 : 1 female preponderance [12] in different studies. An extensive twin study concluded that up to half of the liability to CTS in women could be attributed to genetic predisposition [13] . Although these observations may result from inherited variation in the size of the carpal canal, with smaller canals predisposing to CTS, imaging studies have failed to definitely confirm this, with one study finding larger carpal canals in CTS patients than in controls [14] . Several reports, however, have correlated risk of CTS with wrist ratio: the ratio of anteroposterior to transverse diameters of the wrist. Subjects with a ratio greater than 0.7 have a higher risk of CTS [15] and a recent study has confirmed this observation for ultrasonic measurement of the carpal canal ratio instead of the external wrist dimensions [16] . Imaging of the carpal canal contents shows enlargement of the median nerve within the carpal tunnel and the often reported surgical observation of an 'hourglass' deformation of the median nerve may only represent relative thinning of the section beneath the transverse carpal ligament in comparison to distal and proximal nerve swelling [17] . Even so, it seems unlikely that the primary structural change in idiopathic CTS is enlargement of the median nerve leading to a rise in carpal tunnel pressure.
Several recent papers have begun to suggest what biochemical and structural processes may underlie the increase in connective tissue. Studies in this area are difficult because CTS is a dynamic process with pathological and biochemical findings which evolve as the disease progresses in severity. Attempts to allow for this by stratifying samples on the basis of symptom duration may be hampered by the variable rate of progression. Increased expression of prostaglandin E2 and vascular endothelial growth factor (VEGF) have been demonstrated in synovial biopsy tissues from patients with a history of 5-7 months of symptoms before surgery and may promote vascular proliferation and subsequent fibrosis. Similar findings were not found in patients with a shorter history and the authors felt that this excluded a role for VEGF, which has potent effects on vascular permeability, in oedema formation in early CTS. They did demonstrate that cultured synovial fibroblasts could be induced to express VEGF and prostaglandin E2 in response to mechanical strain and it remains possible that these molecules do have a role in early CTS when the hands are active as opposed to when rested for surgery. This study illustrates the difficulty of dividing patients by symptom duration in that increased expression of VEGF and prostaglandin E2 was seen in patients with 5-7 months and over 12 months of symptoms but not 8-12 months of symptoms. On reviewing the records, it was found that most of the patients with long histories had presented for surgery because of recent exacerbation of symptoms. It is possible that expression of these molecules is associated with a particular phase of activity in disease progression which may occur at different times in different patients [18 ] . Microvascular pathological changes in the synovium include vascular proliferation, vascular hypertrophy, and vascular obstruction with wall thickening and reduction in elastin content [19 ] . In patients with a short history, Hirata et al. [20 ] confirmed these vascular changes and found increased expression of matrix metalloprotein-2 in small arterioles which correlated with pain intensity. It has been suggested that pain may be a more prominent feature of the early stages of CTS and may not be primarily arising in the median nerve. However, examination of data from the Canterbury CTS database does not support this, the lowest pain scores being found in those patients with a history of less than 3 months of symptoms and the highest in those with a history of more then 10 years (J.D.P. Bland, unpublished data). In another study of 30 patients with a wide variation in length of history of CTS and clinical severity the subsynovial connective tissue showed a marked increase in fibroblast density, collagen fibre size, and vascular proliferation. There was increased expression of transforming growth factor b RI in fibroblasts and an increase in collagen type III. These features were thought to represent a response to injury to the subsynovial connective tissue which, in the normal control group, was principally composed of type VI collagen, one of the structurally weaker forms [21] . The idea that the injury to the synovium is one caused by occupational hand use, however, was not supported by a study of 50 patients in whom occupational hand usage, age, weight and smoking showed no significant association with fibrous tenosynovial thickening [22] .
Diagnosis
The mainstay of diagnosis remains clinical assessment of the patient history, with nocturnal paraesthesiae in the median nerve distribution being the most characteristic symptom [23, 24] . Definite sensory and motor signs are present in more advanced cases but severe symptoms requiring treatment may often precede these. A selfcompleted hand symptom diagram was found to be a useful diagnostic tool in the USA [25, 26] , but has recently performed poorly when translated to another culture [27] . Nerve conduction studies (NCSs) can help to confirm the diagnosis and exclude other lesions. Modern methods probably have sensitivity and specificity in the region of 95% in clinical populations, though studies continue to appear which suggest a lower sensitivity when NCSs are compared with clinical diagnosis (22% of 65 'clinically definite' CTS cases had normal NCSs in one recent study [28] ). Such studies are all hampered by the fact that clinical diagnosis is clearly not infallible either. NCSs may be of limited availability and involve significant patient discomfort so there have been regular attempts to find alternative diagnostic tools. Frequencydependent current perception threshold has recently received attention but proved to have poor sensitivity (56%) [29] . More promising is the use of imaging modalities, beginning with computed tomography scanning then MRI, and most recently ultrasound. High-resolution ultrasound has advantages over MRI in terms of cost and provides dynamic images. Like MRI it has been shown to produce accurate measurements of carpal tunnel and nerve diameters [30] , and the diagnostic properties of ultrasound imaging are now becoming clear.
The most sensitive morphologic alteration is the expansion of the median nerve which occurs in or just proximal to the carpal tunnel. In one study a cross-sectional area of the nerve, measured in the proximal carpal tunnel, of over 10.03 mm 2 had 98% sensitivity for clinically defined CTS and high correlation with neurophysiological abnormalities [31 ] . In another study [32 ] , an area of over 10.5 mm 2 at the level of the pisiform bone provided a diagnostic sensitivity of 89% and specificity of 94.7%. However, enlargement of the median nerve at the carpal tunnel has also been seen in asymptomatic but obese normal controls [33] , though it is not known whether such individuals have an increased risk of subsequently developing symptoms of CTS above and beyond that conferred simply by their body mass index [34] . It has not yet been satisfactorily shown that imaging studies have an equivalent prognostic value to NCSs for surgery, nor that they offer any additional help in treatment selection. It is often suggested that imaging may demonstrate structural lesions in the carpal tunnel before surgery, but it is not clear that advance warning of these would alter management, except perhaps when endoscopic surgery is being considered. Such lesions are, in any case, rare.
Nonsurgical management
In contrast to the wealth of studies of surgical treatment, which include several well designed randomized comparisons of endoscopic versus open surgery, the nonsurgical treatments which are applied to most patients have been little studied and several widely used treatments, for example nonsteroidal antiinflammatory agents are actually supported by no class 1 trial evidence at all [7] . Interest in local steroid injection, however, was revived by a doubleblind trial which obtained a 50% success rate at 1 year follow up [35] , but this trial has been subject to some criticism and several further studies have followed. One uncontrolled study showed a 79% successful treatment rate at a mean of 16 months of follow up after one injection [36] .
There have now been two trials directly comparing surgical decompression with local steroid injection. Demirci et al. [37] studied 90 patients with idiopathic unilateral CTS. Forty-six were given two injections of 6.4 mg b-methasone 2 weeks apart and 44 had conventional open carpal tunnel decompression. It is not clear whether treatment allocation was random but the two groups appear to have been of comparable subjective and neurophysiological severity. At 3-month follow up subjective and neurophysiological measures had improved to an equivalent extent in both groups, but there was a slight subsequent deterioration in subjective symptoms in the steroid group at the final 6-month follow up, with 10 patients in the steroid group and two in the surgical group showing evidence of relapse [37] . Even better results from injection were obtained in a randomized open comparison of surgical treatment (80 wrists) with injection (83 wrists). At 3-month follow up, 94% of the wrists in the steroid injection group and 75% in the surgery group showed a 20% improvement in the primary outcome measure, a visual analog scale for nocturnal paraesthesiae. At 6 and 12 months, the percentages of responders were 85.5/76.3% and 69.9/75.0%, respectively. The difference at 12 months was not significant [38 ] .
Another group has revisited the alternative method of delivering steroids by iontophoresis, first reported in 1994 [39] , but found this to be less effective in the short term (8 weeks) than delivery by injection [40] . A comparative trial of surgery versus splinting clearly showed surgery to be superior [41] . A further trial is now in progress comparing surgery with a mixed regime of physical therapy and ergonomic interventions [42] . Despite evidence that steroid injection is effective, it remains under used, with only 7.6% of Dutch neurologists reporting its routine use for CTS when surveyed [43] . Concerns that nerve or tendon injury may result from steroid injection, fuelled by a few case reports, appear to be largely unfounded. In 28 studies of local steroid injection treatment involving 1981 hands in total there have been no reported instances of such injury, suggesting that the risk is very low. Occasionally, trials of alternative treatments are carried out to a high standard; for example, a randomized, double-blind controlled study of low-level laser therapy for CTS showed no superiority for the active treatment over placebo [44] .
Carpal tunnel surgery
The issue of whether endoscopic surgery offers any overall benefit compared with traditional open surgery has been addressed in a recent Cochrane collaboration review with the conclusion that, with the possible exception of quicker recovery after endoscopic surgery, there is no significant difference in outcomes [45] . There continues to be interest in minor surgical variations. Few surgeons decompress both hands in patients with bilateral disease at the same operating session, but patients showed a clear preference for the bilateral simultaneous procedure when asked [46] . Another study has confirmed that reconstruction of the transverse carpal ligament to a longer length is not superior to simple section of the ligament [47] . Data on prognostic factors for surgery remain sparse and are often conflicting. Three groups [48] [49] [50] have shown that good results can be obtained despite severe disease and advanced age, though perhaps not as reliably as in younger patients. These small studies did not have the power to analyse multiple prognostic factors, and as older patients tend to have more severe nerve damage it is difficult to disentangle the effects of age and CTS severity. Data from Canterbury have previously shown the complex relationship between the degree of NCS abnormality on a standard scale [51] and surgical outcome [52] . Updated figures from this ongoing surveillance are shown in Fig. 1, covering 4265 operations. In multiple regression analysis of this large cohort, age proves to be a significant independent predictor of poor outcome, but only a weak one.
Conclusion
CTS remains a significant public health problem with treatment which is not wholly satisfactory and which, apart from surgery, largely lacks an adequate evidence base. The best available evidence suggests that cases should be investigated with NCSs and that milder cases (NCS grades 1 and 2) and clinically definite cases with negative nerve conduction studies should be treated with local steroid injection (with or without splinting), with surgery reserved for more severe cases and those failing conservative treatment. When NCSs are unavailable or diagnostic doubt remains, consideration should be given to the use of ultrasound imaging to aid diagnosis and assessment of severity though further studies of imaging are required.
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